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(54) Adhesive composition-supporting separator for battery and electrode/separator laminate 
obtained by using the same 



(57) An adhesive composition-supporting separator 
for a battery includes a porous substrate supporting 
thereon a thermally cross-linkable adhesive composi- 
tion comprising a multi-functional isocyanate and a re- 
active polymer having a functional group capable of re- 
acting with an isocyanato group of the multi-functional 
isocyanate; an electrode/separator laminate is obtained 
by contact pressing the adhesive composition-support- 



ing separator for a battery against electrodes; and an 
electrode/separator bonded material having a cross- 
linked adhesive composition is obtained by heating the 
electrode/separator laminate to thereby react the multi- 
functional isocyanate with the reactive polymer for caus- 
ing cross-linking. 
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Description 

FIELD OF THE INVENTION 

5 [0001] The present Invention relates to an adhesive composition-supporting separator which is useful for battery 
assembly and which contributes to secure safety upon use of the assembled battery. 

BACKGROUND OF THE INVENTION 

w [0002] Hitherto, as a method for manufacturing a battery, there has been known a method of assembling a battery 
by sandwiching a separator between a positive electrode and a negative electrode in order to prevent shortcircuiting 
between the electrodes to thereby assemble an electrode/separator laminate and, if necessary after rolling up or lam- 
inating, incorporating the electrode/separator laminate in a battery container, then injecting an electrolytic solution into 
the battery container. 

15 [0003] In such battery-manufacturing method, however, each member of the electrode and the separator is liable to 
mutually deviate upon storage or conveyance of the electrode/separator laminate and, as a result, there have been a 
problem of a low productivity of batteries and a problem that non-conforming products are liable to be produced. Also, 
when batteries manufactured from such laminates are used, they might possibly undergo swelling or contraction of 
the separator to deteriorate battery characteristics or to cause inner shorlcircuiling which leads to an increase in lem- 

20 perature of the battery and, in some cases, even to breakage of the battery. 

[0004] On the other hand, in manufacturing a battery of, particularly, a laminate type, there has been employed, in 
many cases, a method of bonding an electrode to a separator by using a polyvinylidene fluoride resin solution as an 
adhesive, and removing a solvent used in the above-mentioned resin solution under reduced pressure. However, this 
method involves a problems that the steps arc complicated, that quality of the resultant products arc difficult to stabilize, 

25 and that adhesion between the electrode and the separator is insufficient. 

SUMMARY OF THE INVENTION 

[0005] The invention is made to solve the problems as described above which have conventionally been encountered 
30 in manufacturing batteries, and an object of the invention is to provide an adhesive composition-supporting separator 
for a battery which does not cause slippery mutual migration of the constituting members and which, in assembling a 
battery, enables one to effectively assemble a battery as an electrode/separator bonded material wherein the electrode 
and the separator are strongly bonded to each other. Further, another object of the invention is to provide an electrode/ 
separator laminate and a bonded material thereof obtained by using the adhesive composition-supporting separator 
35 for a battery. 

[0006] The invention provides an adhesive composition-supporting separator for a battery, which contains a porous 
substrate supporting thereon a thermally cross-linkable adhesive composition containing a multi-functional isocyanate 
and a reactive polymer having a functional group capable of reacting with an isocyanato group of the multi-functional 
isocyanate. 

40 [0007] Further, the invention provides an electrode/separator laminate obtained by contact pressing the adhesive 
composition-supporting separator for a battery against electrodes and an electrode/separator bonded material having 
a cross-linked adhesive composition obtained by heating the electrode/separator laminate to thereby react the multi- 
functional isocyanate with the reactive polymer for causing cross-linking. 

45 DETAILED DESCRIPTION OF THE INVENTION 

[0008] In the invention, the porous film substrate has a thickness of preferably 3 to 1 00 u.m. In case where the film 
thickness is less than 3 jxm, the film is insufficient in strength and might cause inner shortcircuiting whereas, in case 
where the film thickness exceeds 100 ^m, the electrode-to-electrode distance becomes so large that the inner resist- 

50 ance of the battery becomes too large. Also, the porous substrate has fine pores of 0.01 to 5 j.un in average pore size. 
[0009] According to the invention, the porous substrate is not particularly limited as long as it possesses the above- 
described characteristics but, in consideration of solvent resistance or oxidation-reduction resistance, porous films 
containing polyolefin resin such as polyethylene or polypropylene are preferred. Among them : polyethylene is partic- 
ularly preferred as a porous substrate because, when heated, it melts to blank off the pores to give a shut-down function 

55 to a battery. Here, the term "polyethylene" as used herein includes both homopolymers of ethylene and copolymers 
between a-olefin such as propylene, butane or hexane and ethylene. However, according to the invention, a laminate 
of a porous film of polytetraf luoroethylene or polyimide and a porous film of the above-described polyolefin is preferably 
used as the porous substrate due to its excellent heat resistance. 
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[001 0] The separator for a battery in accordance with the invention contains the porous substrate supporting thereon 
a thermally cross-linkable adhesive composition composed of a multi-functional isocyanate and a reactive polymer 
having a functional group capable of reacting with the isocyanato group of the multi-functional isocyanate. In particular, 
the reactive polymer preferably contains both a (meth)acrylic ester component and a reactive monomer component 

5 having an active hydrogen capable of reacting with the isocyanato group of the multi-functional isocyanate. 

[001 1] Further, according to the invention, the reactive polymer may have a glass transition temperature of 0°C or 
less, and : with such polymer, the resultant separator for a battery can be contact-pressed to electrodes at room tem- 
perature to conduct, so to speak, tentative bonding of the electrodes to the separator. According to the invention, 
however, the reactive polymer has a glass transition temperature in a range of preferably 0 to 1 00°C. As is described 

io above, with reactive polymers having a glass transition temperature of 0 to 100°C, it is usually necessary to heat the 
separator in order to tentatively bond the resultant separator for a battery to electrodes by contact pressing, but they 
have the advantage that it is not necessary to insert a release paper between separators for a battery in the case of 
storing in the form of, for example, a laminated state or a roll state. 

[0012] More particularly, specific examples of the reactive monomer include carboxyl group-containing copolymer- 
's izable monomers such as (meth)acryhc acid itaconic acid and maleic acid ((meth)acrylic acid being preferred), and 
hydroxyl group-containing copolymerizable monomers such as 2-hydroxyethyl (meth)acrylate and 2-hydroxypropyl 
(meth)acrylate (hydroxyalkyl (meth)acrylnte being preferred). In addition to these monomers, however, amino group- 
containing copolymerizable monomers may also be used as the reactive monomers. 

[0013] As the (meth)acrylales, alkyl esters having 1 to 12 carbon atoms in the alkyl group such as ethyl (meth) 
20 acrylate. butyl (meth)acrylate, propyl (meth)aciylate. iso-octyl (meth)acrylate, 2-ethylhexyl (meth)acrylate and dodecyl 
(meth)acrytate are preferably used. 

[0014] In the invention, the reactive polymer has the above-described reactive monomer in a range of from 0.1 to 
20% by weight and preferably a (meth)acrylic ester component and, as needed, a nitrile group-containing copolymer- 
izable monomer component, preferably a (mcth)acrylonitrilc componment, and a vinyl monomer component such as 

25 styrene, a-methylstyrene or vinyl acetate. In particular, in the invention, the reactive polymer preferably has the nitrile 
group-containing copolymerizable monomer, preferably the (meth)acrylonitrile component, in a content of up to 80% 
by weight, preferably from 5 to 70% by weight, so as to obtain excellent heat resistance and solvent resistance. In 
case where the content of the nitrile group-containing copolymerizable monomer component is less than 5% by weight, 
there results almost no improvement in heat resistance and solvent resistance whereas, in case where the content 

30 exceeds 80% by weight, the glass transition temperature of the resultant reactive polymer sometimes exceeds 100°C, 
thus such content not being preferred. According to the invention, the reactive polymer particularly preferably contains 
0.1 to 20% by weight of the reactive monomer. 10 to 95% by weight of the (meth)acrylic ester component and 4.9 to 
60% by weight of (meth)acrylonitrile. 

[0015] Also, according to the invention, acryl-modified fluorine-containing resins having hydroxyl group within the 
35 molecule (for example, Cefral Coat FG730B made by Central Glass Co.. Ltd.; available as a varnish) may preferably 
be used as the reactive polymer. 

[0016] As has been described hereinbefore, with reactive polymers having a glass transition temperature of 40 to 
100°C, a adhesive composition-supporting separator obtained by coating on a porous substrate a thermally cross- 
linkable adhesive composition containing the multi-functional isocyanate and the reactive polymer can be stably stored 
40 as it is, and can be kept in a laminated or rolled form without using a release paper. However, such adhesive compo- 
sition-supporting separator requires to contact press under heating at a temperature at which the multi-functional iso- 
cyanate does not react to complete tentative adhesion. 

[0017] The reactive polymer as described above may be obtained as a polymer solution by copolymerizing given 
monomers in a solvent such as benzene, toluene, xylene, ethyl acetate or butyl acetate. On the other hand, an aqueous 
43 dispersion of the reactive polymer may be obtained by emulsion polymerization. In the emulsion polymerization, it is 
preferred to use a multi-functional cross-linkable monomer such as divinylbenzene or trimethylolpropane triacrylate in 
a content of 1% by weight or less in addition to the aforesaid monomers. 

[0018] Examples of the multi-functional isocyanate include aromatic, aromatic-aliphatic, alicyclic and aliphatic diiso- 
cyanates such as phenylene diisocyanate. toiylene diisocyanate, diphenylmethane diisocyanate, diphenyl ether diiso- 
so cyanate ; hexamethylene diisocyanate and cyclohexane diisocyanate; and blocked diisocyantes thereof obtained by 
reacting these diisocyanates with a so-called blocking agent. As the blocking agent, alcohols, phenols, e-caprolactam, 
oximes and active methylol compounds arc preferably used. 

[0019] According to the invention, the reactive polymer obtained in the form of a solution or an aqueous dispersion 
as described hereinbefore is mixed with the multi-functional isocyanate to obtain a thermally cross-linkable adhesive 
55 composition containing the multi-functional isocyanate and the above-described polymer. 

[0020] According to the invention, in the case where the reactive polymer is used in the form of a solution, an oil- 
soluble multi-functional isocyanate is preferably used as the multi-functional isocyanate to prepare an oily, thermally 
cross-linkable adhesive composition and, in the case where the reactive polymer is used in the form of an aqueous 
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dispersion a water-soluble orwater-dispersible one is used as the multi-functional isocyanate to prepare an aqueous, 
thermally cross-linkable adhesive composition. Also, in the case of preparing the oily, thermally cross-linkable adhesive 
composition, an organic solvent such as methyl ethyl ketone or methyl isobutyl ketone or an inorganic fine powder 
such as fine powder of heavy calcium carbonate or Si0 2 may be compounded in a content of 50% by weight or less 

5 as a fluidity-improving agent. 

. [0021] In such thermally cross-linkable adhesive composition, the ratio of the multi-functional isocyanate is usually 
in the range of from 0.1 to 20 parts by weight per 100 parts by weight of the reactive polymer. In case where the ratio 
of the multi-functional isocyanate is less than 0.1 part by weight per 1 00 parts by weight of the reactive polymer, there 
results an insufficient cross-linking of the reactive polymer with the multi-functional isocyanate, and the resultant elec- 

10 trode/separator bonded material fails to establish a strong adhesion between the electrode and the separator. On the 
other hand, in case where the ratio of the multi-functional isocyanate exceeds 20 parts by weight per 1 00 parts by 
weight of the reactive polymer, there results a too hard cross-linked adhesive composition which, in some cases, might 
spoil close contact properties between the separator and the electrode. 

[0022] The thus-obtainable thermally cross-linkable adhesive composition is coated on the porous substrate using 
is a proper coating means such as a gravure coater, a silk-screen coater or a spray coater, followed by removing the 

used solvent by heating, if necessary, to a temperature at which the multi-functional isocyanate does not react to 

thereby obtain the adhesive-supporting separator for a battery in accordance with the invention. 

[0023] According to the invention, the thermally cross-linkable adhesive composition is be coated on both sides of 

the porous substrate to prepare a separator for a battery, and electrodes, that is, a negative electrode and a positive 
20 electrode are contact bonded respectively on both sides thereof or, alternatively, the thermally cross-linkable adhesive 

composition is coated on only one side of the porous substrate to prepare a separator for a battery, and an electrode, 

that is, either a negative electrode or a positive electrode is contact bonded. 

[0024] According to the invention, it is preferred, upon coating the thermally cross-linkable adhesive composition to 
the porous substrate, to coat the composition in part, i.e., in a spotted pattern, a lattice pattern, a stripe pattern or a 
25 hexagonal pattern. In particular, by coating the thermally cross-linkable adhesive composition in 5 to 50% of the area 
of the surface of the porous substrate to be coated with the adhesive composition, there can be obtained a strong 
adhesion between the electrode and the separator, and such electrode/separator bonded material can provide a battery 
having excellent properties. 

[0025] In the invention, the thickness of the coated thermally cross-linkable adhesive composition to the porous 
30 substrate is not limited at all but, usually, the thickness is suitably 0:1 to 20 u.m. In particular, in the case of coating the 
composition all over the surface of the porous substrate, the thickness is suitably in the range of from 0.1 to 1 0 ujti. In 
case where the thickness is too large, properties of the resultant battery are adversely affected whereas, in case where 
the thickness is too small, the electrode and the separator can not be bonded with a practical adhesion strength. On 
the other hand, in the case of coating the adhesive composition partly on the surface of the porous substrate according 
35 to the invention, the thickness of the coated adhesive composition is preferably in the range of from 0.2 to 20 urn 

[0026] Next, a method for manufacturing (assembling) a battery using the adhesive composition-supporting sepa- 
rator for a battery according to the invention is described below. 

[0027] In the invention, as a negative electrode and a positive electrode, a sheet obtained by supporting an active 
material and, as needed, an electrically conductive agent, on an electrically conductive substrate using a resin binder 

40 is generally used : though being different depending upon the kind of the battery. 

[0028] According to the invention, the negative electrode and the positive electrode are respectively disposed along 
the thus-obtained, thermally cross-linkable adhesive composition-supporting porous substrate as a separator and, 
preferably under heating to a temperature at which the multi-functional isocyanate does not react, they are contact 
pressed to each other to obtain an electrode/separator laminate. Therefore, according to the invention in this electrode/ 

45 separator laminate, the multi-functional isocyanate in the thermally cross-linkable adhesive composition is in a sub- 
stantially non-reacted state, with the adhesive composition not being cross-linked nor cured. 

[0029] Thus, according to the invention, a negative electrode is disposed along the surface of the thermally cross- 
linkable adhesive composition-supporting porous substrate, and a positive electrode is disposed along the back surface 
of the thermally cross-linkable adhesive composition-supporting porous substrate with the multi-functional isocyanate 

50 jn the thermally cross-linkable adhesive composition being in a substantially non-reacted state, then the three members 
are contact pressed to each other preferably under heating to a temperature at which the multi-functional isocyanate 
in the thermally cross-linkable adhesive composition does not react to thereby press part of the adhesive composition 
into the electrodes to conduct, so to speak, tentative bonding of the electrodes and the porous substrate. Then, the 
laminate is heated to react the multi-functional isocyanate with the reactive polymer to cross-link and cure the adhesive 

55 composition, thus an electrode/separator bonded material being obtained. That is, the electrodes are, so to speak, 
completely bonded to the porous substrate. Therefore, in such electrode/separator bonded material, the separator and 
the electrodes are strongly bonded to each other. As has been described hereinbefore, the electrode/separator bonded 
material includes both a negative electrode/separator/positive electrode bonded material and a negative electrode or 
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positive electrode/separator bonded material. 

[0030] As is described above ; according to the invention, the thermally cross-linkable adhesive composition-sup- 
porting porous substrate is contact pressed against the electrode(s) to thereby press part of the adhesive composition 
into the electrode(s). and the laminate is heated to cross-link and cure the adhesive composition to obtain an electrode/ 
5 separator bonded material. Hence, a practically sufficient strong adhesion can be obtained between the porous sub- 
strate and the electrode even when the thickness of the thermally cross-linkable adhesive composition coated on the 
porous substrate is not so large, for example, about 5 urn 

[0031] Next, a battery can be obtained by disposing the electrode/separator bonded material(s) in a battery vessel 
after, as needed, rolling up or laminating, then filling the battery vessel with an electrolytic solution, followed by sealing 
10 the battery vessel. 

[0032] The electrolytic solution is a solution obtained by dissolving an electrolyte salt in a solvent. As the electrolyte 
salt, those salts may be used which contain a cation component such as hydrogen, an alkali metal (e.g. , lithium, sodium 
or potassium), an alkaline earth metal (e.g., calcium or strontium) or a tertiary or a quaternary ammonium salt and an 
anion component such as an inorganic acid (e.g., hydrochloric acid, nitric acid, phosphoric acid, sulfuric acid, borofluoric 
is acid, hydrofluoric acid, hexafluorophosphoric acid or perchloric acid) or an organic acid (e.g., organic carboxylic acid, 
organic sullonic acid or fluorine-substituted organic sulfonic acid). Of these, electrolyte salts containing an alkali metal 
ion as the cation component are preferably used. 

[0033] As the solvent for the electrolytic solution, any solvent that can dissolve the electrolyte salt may be used. As 
non-aqueous solvenLs, cyclic esters such as ethylene carbonate, propylene carbonate, butylenes carbonate and y- 
20 butyrolactone, ethers such as tetrahydrofuran and dimethoxyethane, and chained esters such as dimethyl carbonate, 
diethyl carbonate and ethyl methyl carbonate may be used. These solvents may be used alone or as a mixture of two 
or more of them. 

[0034] The invention is described by reference to examples which, however, do not limit the invention in any way. 
25 EXAMPLE 1 

(Preparation of a thermally cross-linkable adhesive composition and preparation of an electrode/separator laminate 
using the same) 

30 [0035] 



Acrylonitrile 


1 0 parts by weight 


Methacrylic acid 


5 parts by weight 


Butyl acrylate 


30 parts by weight 


Ethyl acrylate 


60 parts by weight 


Polyethylene glycol alkylphenyl ether 


3 parts by weight 


n-Dodecylmercaptan 


0.08 part by weight 


Potassium persulfate 


0.3 part by weight 


Ion-exchanged water 


300 parts by weight 



[0036] The above-described mixture was subjected to emulsion polymerization in a conventional manner to obtain 
an aqueous dispersion of a reactive polymer. This reactive polymer had a weight-average molecular weight of about 
850,000 and a glass transition temperature of -13°C. 10% hydrochloric acid was added to this aqueous dispersion of 
45 the reactive polymer to precipitate the reactive polymer, followed by taking out the reactive polymer. After well washing 
with water, the reactive polymer was dried under reduced pressure. 

[0037] 15 parts of Si0 2 line powder of 12 nm in average particle size was added to 100 parts of the thus-obtained 
reactive polymer, and the mixture was dissolved in a toluene/methyl ethyl ketone (75/25 by weight) to prepare a 20% 
solution of the reactive polymer. 

50 [0038] Next, 2.7 parts of a blocked hexamethylene diisocyanate prepared by adding 1 part by mol of trimethylolpro- 
pane to 3 parts by mol of hexamethylene diisocyanate was compounded with 100 parts (as solid components) of the 
reactive polymer solution to prepare a thermally cross-linkable adhesive composition. After coating this all over the 
surface side and the back side of a polyethylene resin-made porous film (thickness: 25 jirn; voids: 50%; average pore 
size: 0.1 [im), the coating was dried and freed of the solvent to thereby support the thermally cross-linkable adhesive 

55 composition (thickness: 0.7 jam) on the polyethylene resin-made porous film. 
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(Preparation of electrodes) 

[0039] Lithium cobaltate (LiCo0 2 ) of 15 \xm in average particle size, graphite powder and a polyvinylidene fluoride 
resin were mixed in a mixing ratio of 85:1 0:5 by weight, and the mixture was added to N-methyl-2-pyrrolidone to prepare 

5 a slurry containing 1 5% by weight of solid components. This slurry was coated on the surface of a 20-um thick aluminum 
foil in a thickness of 200 u.m using a coating machine, followed by drying at 80°C for 1 hour. Subsequently, the above- 
described slurry was similarly coated on the back side of the aluminum foil in a thickness of 200 ^m and, after drying 
at 120°C for 2 hours, the foil was passed through a roll press to prepare a 200-um thick positive electrode sheet. 
[0040] Graphite powder and a polyvinylidene fluoride resin were mixed in a mixing ratio of 95:5 by weight, and the 

w mixture was added to N-methyl-2-pyrrolidone to prepare a slurry containing 1 5% by weight of solid components. This 
slurry was coated on the surface of a 20-um thick copper foil in a thickness of 200 fim using a coating machine, followed 
by drying at 80°C for 1 hour. Subsequently, the above-described slurry was similarly coated on the back side of the 
copper foil in a thickness of 200 ^m and. after drying at 1 20°C for 2 hours, the foil was passed through a roll press to 
prepare a 200-u.m thick negative electrode sheet. 

15 

(Preparation of a negative electrode/separator/positive electrode laminate) 

[0041] The positive electrode sheet was disposed along the surface of the aforementioned adhesive composition- 
supporting porous film, and the negative electrode sheet was disposed along the back surface of the film. Then, the 
20 three members were heated to a tempetaluie of 80°C for 5 minutes under a pressure of 5 kg/cm 2 to thereby contact 
press the positive electrode sheet and the negative electrode sheet against the porous film. Subsequently, the laminate 
was kept in a 50°C thermostatic chamber for 7 days to react the multi-functional isocyanate with the reactive polymer 
for causing cross-linking. Thus, there was obtained a negative electrode/separator/positive electrode bonded material. 

25 (Assembly of a battery and evaluation of the resultant battery) 

[0042] An electrolyte salt of lithium hexafluorophosphate (LiPF 6 ) was dissolved in a mixed solvent of ethylene car- 
bonate/ethyl methyl carbonate (1/2 by volume) in an argon-substituted globe box so that the concentration became 
1 .2 mols/liter. Thus, there was prepared an electrolytic solution. 
30 [0043] The negative electrode/separator/positive electrode bonded material was placed in a 201 6-size can for a coin- 
type battery functioning as both a positive electrode plate and a negative electrode plate and, after injecting the elec- 
trolytic solution into the can of the coin-type battery, the can for a battery was sealed to assembly a coin-type lithium 
ion secondary battery. 

[0044] This battery was subjected to 5-time charge-discharge cycles at a rate of 0.2 CmA, then charged at a rate of 
35 o.2 CmA. Further, it was discharged at a rate of 2.0 CmA. The discharge load property of the electrolyte evaluated in 
terms of the ratio of a discharge capacity at a rate of 2.0 CmA/a discharge capacity at a rate of 0.2 CmA was 91%. 
[0045] Also, after the charge-and-discharge test, swelling properties of the battery were evaluated. The term "swelling 
properties" as used herein means the phenomenon that the separator floats from the electrodes by the generation of 
bubbles in the electrolytic solution or the elongation or shrinkage of the electrode sheet bonded to the separator. After 
*o the charge-and-discharge test, the battery was decomposed, and the separator was observed to evaluate it. Thus, no 
swelling was observed. 

EXAMPLE 2 

is [0046] In the procedures of Example 1 , the thermally cross-linkable adhesive composition was coated on both sides 
of the polyethylene resin-made porous film in a spotted pattern of 50% of the area of each side, then dried to remove 
the solvent. Thus, the thermally cross-linkable adhesive composition was supported on the polyethylene resin-made 
porous film. 

[0047] A negative electrode/separator/positive electrode bonded material was obtained by using the thus-obtained 
so polyethylene resin-made porous film supporting thereon the thermally cross-linkable adhesive composition in the same 
manner as in Example 1 , and a coin-type lithium ion secondary battery was assembled using this in the same manner 
as in Example 1 . The resultant battery was evaluated in terms of discharge load property of the electrolyte in the same 
manner as in Example 1 , and was found to be 95%. No swelling was found in the battery. 

55 EXAMPLE 3 

[0048] In the procedure of Example 1 , the thermally cross-linkable adhesive composition was prepared by using 5 
parts of diphenylmethane diisocyanate in place of the blocked hexamethylene diisocyanate, and the composition was 
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coated on both sides of the polyethylene resin-made porous film in a spotted pattern of 30% of the area of each side, 
then dried to remove the solvent. Thus, the thermally cross-linkable adhesive composition was supported on the pol- 
yethylene resin-made porous film. 

[0049] A negative electrode/separator/positive electrode bonded material was obtained by using the thus-obtained 
5 polyethylene resin-made porous film supporting thereon the thermally cross-linkable adhesive composition in the same 
manner as in Example 1 , and a coin-type lithium ion secondary battery was assembled using this in the same manner 
as in Example 1 . The resultant battery was evaluated in terms of discharge load property of the electrolyte in the same 
manner as in Example 1 , and was found to be 92%. No swelling was found in the battery. 

10 EXAMPLE 4 



[0050] 





Aery Ion itrile 


40 parts by weight 


15 


2-Hydroxyethyl acrylate 


2 parts by weight 




Methyl methacrylate 


1 0 parts by weight 




2-Ethylhexyl acrylate 


50 parts by weight 




Azobisisobutyronitrile 


0.3 part by weight 


20 


Toluene 


300 parts by weight 



[0051] The above-described mixture was subjected to solution polymerization in a conventional manner to obtain a 
solution of a reactive polymer in toluene. The reactive polymer had a weight-average molecular weight of about 300,000 
and a glass transition temperature of 5°C. 5 parts of a blocked hexamethylene diisocyanate obtained by adding 1 part 
by mol of trimethylolpropane to 3 parts by mol of hexamethylene diisocyanate was mixed with 100 parts (as solid 
components) of the reactive polymer solution to prepare a thermally cross-linkable adhesive composition. This com- 
position was coated on both sides of a polyethylene resin-made porous film in a spotted pattern of 30% of the area of 
each side, then dried to remove the solvent. Thus, the thermally cross-linkable adhesive composition was supported 
on the polyethylene resin-made porous film. 

[0052] A negative electrode/separator/positive electrode bonded material was obtained by using the thus-obtained 
polyethylene resin-made porous film supporting thereon the thermally cross-linkable adhesive composition in the same 
manner as in Example 1 , and a coin-type lithium ion secondary battery was assembled using this in the same manner 
as in Example 1 . The resultant battery was evaluated in terms of discharge load property of the electrolyte in the same 
manner as in Example 1 , and was found to be 93%. No swelling was found in the battery. 

EXAMPLE 5 

[0053] 2.7 parts of a blocked hexamethylene diisocyanate obtained by adding 1 part by mol of trimethylolpropane 
to 3 parts by mol of hexamethylene diisocyanate and 60 parts of acryl-modified fluorine-containing resin varnish (Cef ral 
Coat FG730B; made by Central Glass Co., Ltd.; hydroxy value: 8 mgKOH; weight-average molecular weight: about 
200,000; glass transition temperature of the film: 75°C) were dissolved in 20 parts of toluene to prepare a thermally 
cross-linkable adhesive composition. This thermally cross-linkable adhesive composition was coated all over the both 
sides of a polyethylene resin-made porous film, then dried to remove the solvent. Thus, the thermally cross-linkable 
adhesive composition (thickness: 0.7 u.m) was supported on the polyethylene resin-made porous film. 
[0054] A negative electrode/separator/positive electrode bonded material was obtained by using the thus-obtained 
polyethylene resin-made porous film supporting thereon the thermally cross -linkable adhesive composition in the same 
manner as in Example 1 , and a coin-typo lithium ion secondary battery was assembled using this in the same manner 
as in Example 1 . The resultant battery was evaluated in terms of discharge load property of the electrolyte in the same 
manner as in Example 1 , and was found to be 93%. No swelling was found in the battery. 

COMPARATIVE EXAMPLE 1 

[0055] A battery was assembled using the same polyethylene resin-made porous film as used in Example 1 without 
supporting the thermally cross-linkable adhesive composition. That is, the positive electrode sheet was disposed along 
the surface of the polyethylene resin-made porous film, and the negative electrode sheet was disposed along the back 
surface thereof to prepare a laminate. 

[0056] The same procedures as in Example 1 were conducted except for using the laminate in place of the electrode/ 
separator bonded material to assemble a coin-type lithium ion secondary battery. The resultant battery was evaluated 
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in terms of discharge load property of the electrolyte in the same manner as in Example 1 , and was found to be 85%. 
Swelling was found in the battery. 

[0057] The adhesive composition-supporting separator for a battery in accordance with the invention contains a 
porous substrate having supported thereon a thermally cross-linkable adhesive composition containing a multi-func- 

5 tional isocyanate and a reactive polymer having a functional group capable of reacting with the isocyanato group of 
the multi-functional isocyanate. According to the invention, an electrode is pressed against the thermally cross-linkable 
adhesive composition-supporting porous substrate to thereby, so to speak, tentatively bond the electrode to the porous 
substrate and form an electrode/separator laminate, and the laminate is heated to react the multi-functional isocyanate 
with the reactive polymer to cross-link and cure the adhesive composition. Thus, the electrode is bonded to the porous 

10 substrate to obtain an electrode/separator bonded material. 

[0058] Accordingly, the electrode/separator laminate of the invention does not suffer deviation of the members thereof 
from each other, and an electrode/separator bonded material obtained therefrom can establish a strong adhesion 
between the electrode and the separator, which enables one to assemble a battery with a high efficiency. Further, in 
the thus-obtained battery, no swelling occurs, and a rise in temperature of the battery to be caused by heat generation 

15 upon abnormal shortcircuiting can be depressed. 

[0059] While the invention has been described in detail and with reference to specific embodiments thereof, it will 
be apparent to one skilled in the art that various changes and modifications can be made therein without departing 
from the spirit and scope thereof. 

20 

Claims 

1 . An adhesive composition-supporting separator for a battery, which comprises a porous substrate supporting ther- 
eon a thermally cross-linkable adhesive composition comprising a multi-functional isocyanate and a reactive pol- 

25 ymer having a functional group capable of reacting with an isocyanato group of the multi-functional isocyanate. 

2. The adhesive composition-supporting separator for a battery as claimed in claim 1 , wherein the reactive polymer 
has a carboxyl group or a hydroxyl group as the functional group capable of reacting with the isocyanato group. 

30 3. The adhesive composition-supporting separator for a battery as claimed in claim 1 , wherein the reactive polymer 
has both a (meth)acrylic acid ester component and at least one reactive monomer component selected from the 
group consisting of a (meth)acrylic acid component and a hydroxyalkyl (meth)acrylate component. 

4. The adhesive composition-supporting separator for a battery as claimed in claim 3, wherein the reactive polymer 
35 has a (meth)acrylonitrile component. 

5. The adhesive composition-supporting separator for a battery as claimed in claim 1 , wherein the reactive polymer 
has a glass transition temperature of from 0 to 1 00°C. 

-to 6. An electrode/separator laminate obtained by contact pressing an adhesive composition-supporting separator for 
a battery against electrodes, said adhesive composition-supporting separator for a battery comprising a porous 
substrate supporting thereon a thermally cross-linkable adhesive composition comprising a multi-functional iso- 
cyanate and a reactive polymer having a functional group capable of reacting with an isocyanato group of the 
multi-functional isocyanate. 

45 

7. An electrode/separator bonded material having a cross-linked adhesive composition, which is obtained by heating 
an electrode/separator laminate to thereby react a multi-functional isocyanate with a reactive polymer for causing 
cross-linking, said electrode/separator laminate being obtained by contact pressing an adhesive composition-sup- 
porting separator for a battery against electrodes, said adhesive composition-supporting separator for a battery 
50 comprising a porous substrate supporting thereon a thermally cross-linkable adhesive composition comprising the 

multi-functional isocyanate and the reactive polymer having a functional group capable of reacting with an isocy- 
anato group of the multi-functional isocyanate. 
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